INTRODUCTION
The soldier caste in social insects, often bulkier, armoured or with greatly enlarged mandibles compared with the worker caste, defends against enemies ranging from wasps to anteaters. Eusocial thrips in the genus Kladothrips Froggatt (Order: Thysanoptera) are polymorphic insects that inhabit plant galls. The colony starts with a single foundress that rears two castes: workers, known as dispersers-because that is their ultimate goal-and soldiers. The soldier has enlarged forelimbs, thought to be for fighting a specialist invader in the genus Koptothrips Bagnall [1,2]. Studies of soldier defensive behaviour in several thrips species show that, while reluctant to attack, they will grip invaders with their forelimbs, crushing them to death [3, 4] . In two species, Kladothrips intermedius Bagnall and Kladothrips habrus Mound, soldiers were significantly more effective in killing invaders than their foundresses [3] . Two subsequent studies suggested that the killing rates of soldiers of K. intermedius were similar to, or less than those of the foundress, raising doubts about the utility of soldier forelimb morphology [5, 6] .
We approached the defensive behaviour of soldiers from two very different directions. First, we explored the possibility that male and female soldiers behaved differently and that sex is an important variable in the outcome of combat. Secondly, we investigated the hypothesis that soldiers were as important for the defence against micro-organisms as they were against macro-organisms. While macro-organisms, such as rival thrips, wasps or even vertebrates, have been the focus of most of the literature, we concentrated on the response of soldiers to the specialist insect fungal pathogen Cordyceps bassiana.
MATERIAL AND METHODS
(a) Male versus female soldiers' fighting ability Kladothrips intermedius soldiers and the invader, Koptothrips dyskritus, were obtained from healthy galls made by K. intermedius found on Acacia oswaldii (January 2010 and April 2011 in South Australia, 137823 0 E, 32857 0 S). An established combat procedure was used [3] , in which a gall-defender and a gall-invader were placed in 200 ml PCR tubes until one combatant died. A total of 109 female soldiers and 108 male soldiers were each paired with an invader, and the proportion that survived was used to determine the overall outcome of combat. Post-battle soldiers were mounted on microscope slides and photographed using a Motic v. 2.0 digital camera and dissecting microscope. Measurements were taken using the program IMAGEJ (http://rsb.info.nih.gov/ij/; W. Rasband, NIH). Averages of three sets of measurements for each specimen were used for statistical analyses. Six features were measured: body length, femur length and width were taken at their maximums, pronotum length was measured along the central axis of the pronotum, width was taken at the widest posterior portion of the pronotum, and wing length from the most proximal portion of the forewing where it meets the clavus to the most distal edge of the forewing. Repeatability [7] was calculated for each morphological feature. Binary logistic regressions were executed separately for each sex to explore the possible influence of various features in predicting victories in our laboratory fighting arenas.
(b) Antimicrobial responses Soldiers and dispersers from healthy galls of K. intermedius were washed to obtain cuticular antimicrobials using established methods [8] . As soldiers were the less numerous caste, we collected all of them from each gall and these were matched by an equal number of dispersers from that gall. Individuals of each caste were pooled from up to 10 galls to generate a sample of 100. The gender of the soldiers was not determined. This was repeated five times to yield five samples of soldiers and five of dispersers for comparison. Each was washed in 90 per cent ethanol for 5 min followed by three rinses. Ethanol was then removed by rotary evaporator and the dried extract resuspended in an exact amount of LB (Luria Bertani) broth, so the number of thrips equivalents per microlitre was known. The antimicrobial assay followed the procedures of Smith et al. [9] , where a gradient of antimicrobial extract concentration was prepared across a 96-well plate starting with a concentration of 50 thrips in the first well and reducing by half in each successive well. This gradient was tested against a standard suspension of C. bassiana spores in LB. The controls for each experimental extract concentration were: (i) 100 ml extract suspension of the same concentration with 100 ml LB broth, to check for any increase in optical density (OD) owing to extract properties and (ii) wells with 100 ml of C. bassiana spore suspension added to 100 ml LB broth that provided information on normal, untreated spore germination and hyphal growth.
Plates prepared were placed in a plate reader and OD was recorded every 15 min for 48 h at 405 nm at 258C. This provided direct comparisons between the spore germination and hyphal growth of C. bassiana treated with soldier and disperser antimicrobial concentrations with untreated spores.
To avoid issues of temporal autocorrelation, we conducted an ANOVA on OD values at two times (20 and 40 h) separately with treatment (control no. 2, dispersers, soldiers) and antimicrobial concentrations of 6.25, 12. 
DISCUSSION
Despite the increased body and forelimb size of the females, they had no fighting advantage when compared with males; and our analysis within a sex found that no forelimb dimension (that we measured) was linked to success in combat. These outcomes further eroded the idea that forelimb morphology is linked strongly to the soldiers' role in gall defence. While our experiments could not address previous findings that soldiers showed little proclivity to engage the enemy [4] , this behaviour, in the context of our data, suggested that, although soldiers clearly repel other insect invaders, their apparent reluctance to engage one kind of enemy may be because resources are allocated to fight another: micro-organisms. This is supported by the antimicrobial assays, which show that soldiers strongly suppress fungal growth and, significantly, can do so at much lower densities than dispersers. This may reflect colony dynamics as soldiers are the first caste produced by the foundress and subsequently dispersers greatly outnumber them [2] . Thus, soldier antifungals may be especially critical in the early stages of colony development, where group size is low, as they may provide stronger defences than dispersers against fungal invasion. At larger group sizes, the more numerous, but weaker, dispersers may provide adequate defence.
Our results suggest that soldiers have an additional defensive role fighting micro-organisms, especially fungal pathogens, but we do not know how general this is. Cruse [10] suggested an antimicrobial role for the defensive secretions of two termite species, and this has been strongly reinforced by further experiments [11, 12] . There have been many studies of social insect antimicrobial defence mechanisms [13, 14] , although there is currently little known about specific gall-inhabiting fungi. We have isolated one fungal pathogen from the galls of Kladothrips arotrum Mound, Kladothrips antennatus Moulton and K. intermedius (C. Turnbull 2011, unpublished data) and pathogenic fungi have been invoked for the biological control of pest thrips [14] . The strength of antimicrobials may be correlated with increasing degree of sociality and group size [8, 15] and social Dual role for soldier caste C. Turnbull et al. 527
insects have been shown to host many kinds of microorganisms-both harmful and beneficial [16] suggesting prolonged coevolution [17] . Entomopathogens such as Cordyceps were already present when sociality first evolved [18] . In this context, knowing that the soldiers of one thrips and several termite species secrete effective antimicrobials [10] [11] [12] , it may be hypothesized that micro-organisms have been important selective agents in the evolution of the soldier caste in some social insects.
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